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j.2012.08Abstract Today, numerous treatment plants are designed and operated using chemicals for nutri-
ent removal, sludge conditioning and promotion of better sedimentation or ﬂotation. Cement kiln
dust (CKD) is useless byproduct from the cement industry and a signiﬁcant resource value for lime
substituting. In this paper work, CKD is used as a chemical precipitant for activated sludge process
pilot plant without using primary settling at different temperature ranges (30–35) C and (15–
20) C. For temp. ranges (30–35) C, CKD addition concentration was 1 g/l and the system
achieved very good removal of 93.5%, 93.3%, 93.6% and 87% for BOD5 COD, TSS, and Ptotal,
respectively. The system also achieved high removal efﬁciency for pathogenic indicators with 5
log removal units for Total Coli forms (Tc), Fecal coliforms (Fc), Escherichia coli (E. coli), respec-
tively. For temperature ranges (15–20) C, different CKD addition concentration were used until
reached 2 g/l which enabled the system to achieve high removal efﬁciencies of 94.1%, 94.1%,
94.2% and 87.9% for BOD5 COD, TSS, and Ptotal, respectively. The system achieved 6 log removal
units for Tc, Fc, and E. coli respectively. As a result of CKD additions of 1.2 g/l for temperature
ranges (30–35) C and (15–20) C, respectively to the used activated sludge process pilot plant
without using primary settling, the system achieved high removal efﬁciencies of the chemical and
bacteriological pollutants which enabled the system to achieve the permissible efﬂuents of these
pollutants to comply with the requirements of reuse limits of wastewater for agricultural purposes,
Law 501/2005 limits.
ª 2012 Housing and Building National Research Center. Production and hosting by Elsevier B.V.
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Activated sludge is comprised of microbial consortiums, or-
ganic and inorganic particles held together in a matrix formed
by exocellular polymers and divalent cations [10]. The studies
on activated sludge systems show that most of biological
systems and bacteria are activate in pH ranges from 4 to 9ction and hosting by Elsevier B.V. All rights reserved.
Fig. 2 Typical bacterial temperature effect curve.
Effect of cement kiln dust addition on activated sludge process without primary settling 15[23]. Also, the pH in biological systems affects the enzymatic
activities. Since, the released extra cellular polymers have neg-
ative and neutralized charge in the most pH ranges and most
of bacteria in pH 7 have isoelectric state, hence increasing
the negative charge results in the increase of the active sites
on the polymer surface and extra cellular polymers. The in-
crease of pH above the isoelectric point elongates the poly-
meric chain length and also induces the ability for bridging
between bacterial cells, and ultimately improvement of biolog-
ical ﬂocculation occurs [8]. Phosphorous is one of the essential
elements in the metabolism of organic matter. Its presence in
the treatment plant is essential to the proper functioning of
biological wastewater treatment processes. However, when
present in excess, it can create a pollution problem in the
receiving body of water by causing excessive growth of rooted
and ﬂoating aquatic plants which cause several pollution prob-
lems. Many chemicals invarious forms are used in wastewater
treatment. For all practical purposes, applications for chemi-
cals in treatment of domestic wastewater fall into ﬁve
categories:
(a) Coagulation and ﬂocculation, or aided sedimentation.
(b) Precipitation or in-solubilization of dissolved substances.
(c) pH adjustment.
(d) Nutrient addition to biological systems, and
(e) Conditioning of wastewater sludge for digestion or
ﬁltration.
Factors affecting coagulation are (1) coagulant dose; (2)
PH; (3) colloid concentration, often measured by turbidity;
(4) TOC and DOC (Total, dissolved organic carbon or color)
(5) anions or cations in solutions; (6) mixing effects; (7) Zeta
potential or electrophoretic mobility; and (8) temperature [1,3].
With chemical precipitation, it is possible to remove 80–
90% of the suspended solids, 70–80% of the BOD5, and
80–90% of the bacteria. The removal values for well designed
and well operated primary sedimentation tanks without the
addition of chemicals are 50–70% of the suspended solid,
25–40% to the BOD5, and 25–75% of the bacteria. Removal
efﬁciency of nutrients would also increase with chemical
addition.
CKD has been used as a chemical addition for stabilizing
wastewater streams. This is primarily possible because of the
high neutralizing potential of the CKD (high CaO content)
and ﬁne particle size distribution, having blaine ﬁnenesses of-
ten greater than 800 m2/kg. Up to a 35% addition of CKD
has satisfactorily met the speciﬁed pathogen control level inMLSS
MLSS
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Fig. 1 Schematic representation of the basic activated sludge
process.sewage sludge. High pH, an exothermic reaction, and the
resulting accelerated drying when CKD was added were the
factors mainly responsible for the pasteurizing effects on muni-
cipal wastewater sludge [19,20]. The effect of temperature
changes on biological treatment by activated sludge process
without primary settling had been studied [4]. So the main
objective of this paper is to enhance the removal efﬁciencies
of BOD5, COD, TSS, Ptotal and pathogenic bacteria repre-
sented in Tc, Fc and Escherichia coli (i.e. Tertiary Treatment)
by adding CKD as a chemical addition to raw wastewater at
temperature ranges of (30–35)C and (15–20)C to comply
the efﬂuent with Law 501/2005 for reuse limits for agricultural
purposes. Also, to study the effect of CKD additions on sludge
settling quality and bulking occurrence at temperature ranges
of (30–35)C and (15–20)C.
Back ground
Activated sludge process without primary settling tanks
It was proved by practical experience that the same biological
effectiveness can be obtained with normal loaded activated
sludge plants of a discharge BOD5 below 20 mg/l without
any pre-clariﬁcation as with plants working with complete
pre-clariﬁcation [17]. It should be mentioned that further exper-
iments revealed that the micro-organisms will attack the
settleable substances biologically only after the more easily
decomposable, dissolved substances have been largely oxidized
[14]. Hence, if no pre-clariﬁcation takes place as shown in
Fig. 1, the activated sludge, consisting of a mixture of biological
sludge and raw sludge, will loose about 26% of its respiration
activity per unit weight. Under equal sludge load conditions,
compared to the conventional plant with pre-clariﬁcation, this
will lead to a reduced puriﬁcation effect which means the dis-
charge BOD5 value would be more than 20 mg/l. With regard
to the investment costs in the case of elimination of the primary
settling tanks, only some additional costs for sludge thickener
are standing opposite the savings for the settling tanks. Since
the volume required for a two hours corresponding settling of
the raw sewage substantial ﬁnancial saving can be achieved in
comparison to the classical treatment plant concept [11].
Effect of temperature on bacterial growth
One of the most important factors affecting microbial growth
is temperature. It has been observed that bacteria grow quite
16 A.H. Mostafaslowly at low temperatures but increase their rate of reaction
as the temperature increases. It has been generally stated that
the rate of microbial growth doubles with every 10 C increase
in temperature up to the limiting temperature. The growth
reactions are normal chemical reaction which follows deﬁnite
patterns. The two patterns which are interposed with microor-
ganisms are the increased rate of reaction with increased tem-
perature and denaturation of speciﬁc proteins at deﬁnite
temperatures [14].
When these two phenomena are overlaid, we ﬁnd that at
low temperatures, the denaturation reaction is insigniﬁcant.
As the temperature approaches 35 C, the denaturation reac-
tion becomes signiﬁcant in most microorganisms. As the tem-
perature is increased above 35 C, the denaturation reaction
soon predominates and the microorganisms rate of growth
rapidly fall off to zero. The normal rate of growth of bacteria
is illustrated in Fig. 2 [14].
Phosphorus removal
Phosphorus removal by chemical precipitation is at present the
best known process of those mentioned above and is widely
used despite its relatively high costs.
Domestic wastewater contains approximately 3–15 mg/l of
total phosphorus of which about 70% is soluble [27]. Approx-
imately 60% of this phosphorus is from phosphate builders
used in synthetic detergents. The phosphorus forms of impor-
tance present in wastewater are orthophosphate, polyphos-
phate, and organic phosphate [24]. All polyphosphate forms
gradually hydrolyze in aqueous solution and revert to the
orthophosphate form. Phosphate removal from wastewater
consists of its conversion into solid phase followed by the re-
moval of this phase from the waste stream. There are princi-
pally two methods available for the elimination of
phosphorus: Methods of biological treatment, i.e. by ﬁxing
of phosphorus in the activated sludge (organic mass) and, if
necessary by the luxury uptake procedure. Microorganisms re-
quire also various cations, such as potassium, magnesium, cal-
cium and iron which must be present above critical
concentrations in culture media. The potassium and magne-
sium concentrations are responsible for speciﬁc requirements
and activate of microorganisms involved in this processes.
Potassium and magnesium play a principal role in cells as inor-
ganic cations. Constitutes approximately 1% of the dry weight
of the microbial cell, as the cofactors for some enzymes, potas-
sium and magnesium stimulates enzyme reactions associated
with a synthesis of cell materials [7]. The importance of potas-
sium and magnesium for microorganisms responsible for bio-
logical phosphorus removal is even more signiﬁcant.
Potassium deﬁnes cell membrane permeability and plays a ma-
jor role in the phosphate transport between surrounding envi-
ronment and cell [15].
Moreover this cation is an essential counterion for poly-
phosphate in the cell, and is general an important factor in
the cells energy generation [26,22].
An enzyme, polyphosphate kinase, catalyzes polyphosphate
biosynthesis in presence of magnesium ions by transferring the
terminal phosphoryl group from ATP to polyphosphate chain.
Polyphosphate degradation is driven by several enzymes which
depend on inorganic cations. Magnesium acts as an important
counterion of polyphosphates too. It is taken up and releasedsimultaneously with phosphate. Consequently these cations
(potassium and magnesium) are necessary for polyphosphate
accumulation in biological phosphorus removal.
 Physio-chemical methods by ﬂocculants, i.e. mineral phos-
phate precipitation by aluminum or iron salts addition or
calcium phosphate precipitation by lime addition.
The reactions involving phosphorus are:
PO4 þNH3–sunlight! green plants ð1Þ
organicP–bacterial decomposition! PO4 ð2Þ
Polyphosphate–hydrolysis! PO4 ð3Þ
PO4þMultivalent metal ion–excess coagulant insoluble precipitates
ð4ÞChemicals coagulants
Current reuse options for CKD include soil stabilization, as an
additive for blended cement products, solidiﬁcation/stabiliza-
tion of wastes, pasteurization of municipal sewage sludge,
and as a fertilizer (Bhatty, 1995) [5]. Most of the documented
studies on CKD have been performed on its incorporation into
different types of materials related to cements, or on its use as
a conditioner for dewatering soils and sludge from wastewater
treatment. Previous research has demonstrated that CKD has
signiﬁcant resource value as a lime substitute in wastewater
treatment applications. Studies were conducted to determine
the role of bioﬂocculation in the activated sludge unit pro-
cesses. Laboratory and full-scale studies revealed that bioﬂoc-
culation is important in determining settling, dewatering,
efﬂuent and digested sludge properties (activated sludge prop-
erties) and may be vital to the function of all processes related
to the above properties. In these studies, it was shown that
divalent cations such as calcium and magnesium improved
activated sludge properties, whereas monovalent cations such
as sodium and ammonium ions were detrimental to these prop-
erties. Nicholson J.P. in his work studied the chemical ﬂoccu-
lation and sedimentation. He proved that chemical
sedimentation was considered a promising process combina-
tion to minimize effects of variation in ﬂow and load. Also,
he reported that chemical process is less sensitive to environ-
mental variables (temp; sunshine) and easier to control and
also, more effective in wastewater treatment plants [18].
Buzzel and Sawyer, Blake and Lewan dowiski reported that
the advantage of adding chemical coagulants is the removal of a
high percentage of the phosphorus and the organic material [6].
Mechanism and action
In general, the by-pass kiln dust contains a high percentage of
CaO which is one of the main compounds used in wastewater
treatment as coagulant. When CKD is slaked in the wastewa-
ter, CaO found in CKD converts to lime (Ca(OH)2) which re-
acts ﬁrst with the natural alkalinity in the wastewater to
produce calcium carbonate (CaCO3) as follows:
CaðHCO3Þ2 þ CaðOHÞ2 ! 2CaCO3 þ 2H2O
Table 1 Chemical Analysis of by – Pass Kiln Dust.
Oxides Composition
(wt%)
SiO2 14.5
Al2O3 3.5
Fe2O3 2.4
CaO 57.1
MgO 2.2
Na2O 2.4
K2O 2.7
SO3 3.7
Loss in ignition 12.6
Free lime 25
pH 13.4
Effect of cement kiln dust addition on activated sludge process without primary settling 17Calcium carbonate acts as a ballasting agent in the coagu-
lation of metals, phosphorus, and suspended organic particlesFig. 3 The pilot plant used
Table 2 Experimental program.
Groups Group No. 1
Phase O-phase run No. 1
Temperature ranges C 30–35
Chemical dosage (g/l) 0
Time lasted (days) 15 Days
R.S (%) 70%
Time between each run and the other run 4 Days
Started time July 2010
Finished time August 2010[25]. After the alkalinity is removed, calcium ions combine
with the orthophosphate present under alkaline conditions
(pH  8.5–10) to form insoluble and gelatinous calcium
hydroxyapatite (Ca10 (PO4)6(OH)2) according to the follow-
ing equation:
10Ca2þ    þ 6PO34 þ 2OH ! Ca10ðPO4Þ6ðOHÞ2 #
Advantages of using CKD as a substitute to lime instead of
aluminum or iron salts include lower operational costs, wide
availability of useless and by product material and ease of con-
trol of coagulant dosage through simple pH-stat systems.
Although the precipitation of calcium carbonate (CaCO3)
has been highlighted as a negative aspect of using lime in terms
of sludge volume generated, a low dosage lime treatment (e.g.,
pH < 10) has been demonstrated to prevent excess sludge pro-
duction [13].
Jenkins et al. explained that both the creation of crystals
and wastewater content are of great inﬂuence on calciumin the experimental work.
Group No. 2
Run No. 2 Run No. 1 Run No. 2 Run No. 3
30–35 15–20 15–20 15–20
1.0 0 1.0 2.0
7 Days 15 Days 7 Days 7 Days
December 2010
January 2011
Table 3 Results of Group No. 1, O-Phase, for temperature range (30–35) C.
Day Temp PH DO in A VS30 (ml/l) MLSS (mg/l) SVI (ml/g) COD (mg/l) BOD5 (mg/l) TSS (mg/l) P (mg/l) FM
Inf A mg/L A RS A RS A RS InF. Eﬀ. l% InF. Eﬀ. l% InF. Eﬀ. l% InF. Eﬀ. l%
1 30.3 6.90 6.70 1.65 263 660 2050 4990 128 132 568 66 88.4 317 34 89.3 314 34 89.2 6.8 5.0 26.0 0.44
2 30.6 6.80 6.60 1.70 253 630 2020 4860 125 130 579 64 88.9 311 31 90.0 263 29 89.0 7.3 5.5 24.6 0.44
3 30.5 7.00 6.80 1.60 261 655 2070 5000 126 131 525 61 88.4 286 30 89.5 305 32 89.5 9.8 6.8 30.8 0.39
4 31.5 6.80 6.70 1.58 258 645 2100 5030 123 128 494 58 88.3 284 29 90.0 278 30 89.2 7.1 5.2 26.1 0.38
5 32.0 6.80 6.60 1.60 252 625 2100 4980 120 126 550 62 88.7 316 32 89.9 280 31 88.9 9.0 6.1 31.7 0.43
6 32.5 7.05 6.70 1.53 253 635 2070 5010 122 127 570 60 89.5 311 31 90.0 292 30 89.7 8.5 6.0 29.2 0.43
7 31.5 7.15 6.75 1.58 250 628 2080 5020 120 125 560 60 89.3 319 31 90.3 339 29 91.4 7.5 5.5 26.5 0.46
Ave.va. 31.27 6.93 6.69 1.61 256 640 2070 4984 123 128 549 62 88.8 306 31 89.9 296 31 89.6 8.0 5.7 27.8 0.42
Max.va. 32.50 7.15 6.80 1.70 263 660 2100 5030 128 132 579 66 89.5 319 34 90.3 339 34 91.4 9.8 6.8 31.7 0.46
Mini va. 30.30 6.80 6.60 1.53 250 625 2020 4860 120 125 494 58 88.3 284 29 89.3 263 29 88.9 6.8 5.0 24.6 0.64
InF, Inﬂuent to aeration tank; VS30, Settled Sludge Volume after 30 min Mixed Liquor Suspended; MLSS, Solids; F/M, Sludge Load Rate (Food/Microorganismratio); BOD5, Biochemical Oxygen
Demand; COD, Chemical Oxygen demand; Ptotal, Total Phosphorus; Fc, Fecal coliform bacteria; A, Aeration tank; RS, Recirculated Sludge; TSS, Total Suspended Solids; SVI, Sludge Volume
Index; Exc. S, Excess Sludge; l, Efﬁciency Dissolved; DO, Oxygen; Tc, Total coliform bacteria; Escherishia coli, E. coil bacteria.
Table 4 Results of Group No. 1, Run No. 2, Dose mg/l of CKD for temperature ranges (30–35)C.
Day Temp pH Do in A VS30 (ml/g) MLSS (mg/l) SVI (ml/g) COD (mg/l) BOD5 (mg/l) TSS (mg/l) P (mg/l) F/m
Inf A mg/l A RS A RS A RS InF Eﬀ. l % InF. Eﬀ. l % InF. Eﬀ. l % InF. Eﬀ. l %
1 31.5 6.80 8.50 1.27 230 523 2550 5620 90 93 540 35 93.5 283 19 93.3 300 19 93.5 9.5 1.4 85.0 0.35
2 32.3 7.15 8.80 1.26 229 510 2600 5670 88 90 570 40 93.0 310 22 93.0 295 20 93.1 8.0 1.2 85.0 0.36
3 32.3 6.95 8.70 1.24 227 507 2640 5700 86 89 560 37.5 93.3 300 20 93.2 280 18 93.6 11.0 1.3 88.0 0.36
4 33.5 6.85 8.50 1.24 229 497 2690 5780 85 86 550 36 93.4 290 18 93.7 280 17 93.8 10.0 1.2 88.0 0.34
5 33.9 7.10 8.80 1.22 228 500 2710 5810 84 85 550 38 93.1 295 17 94.1 310 20 93.6 12.0 1.2 90.0 0.34
6 34.1 6.93 8.70 1.20 225 497 2740 5850 82 83 560 36.4 93.5 300 19 93.5 290 17 94.0 10.0 1.3 87.0 0.33
7 34.5 6.80 8.50 1.21 220 490 2760 5890 80 79 560 36 93.6 290 18 93.8 300 19 93.5 9.3 1.3 86.0 0.33
Ave.va. 33.2 6.94 8.60 1.23 227 503 2670 5760 85 86 556 37 93.3 295 19 93.5 294 19 93.6 10.0 1.3 87.0 0.35
Max.ve 34.5 7.15 8.80 1.27 230 523 2760 5890 90 93 570 40 93.6 310 22 94.1 310 20 94.0 12.0 1.4 90.0 0.36
Mini.va 31.5 6.80 8.50 1.20 220 490 2550 5620 80 79 540 35 93.1 283 17 93 280 17 93.1 8.0 1.2 85.0 0.33
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Photo 1 The Aeration Tank Used in the Experimental Work.
Effect of cement kiln dust addition on activated sludge process without primary settling 19phosphate formation. They also stated that the presence of
H+, HCO3
, Mg2+ and F ions may impact the solid phase
content of precipitated phosphates. At pH values typical for
municipal wastewater i.e. pH 8.5–pH 9.5, the dominating pre-
cipitate is calcium phosphate (hydroxyapatite) [12].
The product calcium phosphate is a heavy ﬂoc and has the
ability to enhance the dewater ability of sludge.
Bulking
Bulking was deﬁned as a phenomenon where ﬁlamentous
organisms extend from the ﬂoc into bulk solution, interfering
with settlement and subsequent compaction of the activated
sludge, with SVI greater than 150 ml/g. Bulking sludge nor-
mally settles more slowly than normal sludge and they are usu-
ally quite efﬁcient in purifying the waste-water and so
produces good efﬂuent [21]. Filamentous bulking is affected
by many things including:
 Dissolved oxygen (DO) concentration.
 Nitrogen and phosphorus concentration.
 pH.
 Sulﬁde concentration.
 Type of organic materials serving as BOD5 (i.e., readily
metabolized food and slowly metabolized food).1 2 3 4 5 6 7
Fig. 4 CODremovalefﬁciencyforGroupNo.1andRunNos.1and2.
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Fig. 5 BODRemovalefﬁciencyforGroupNo.1andRunNos.1and2.
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Fig. 6 TSS removal efﬁciency for Group No. 1 and Run Nos. 1
and 2.Bulking problems
The most frequently encountered problem in activated sludge
operations is the separation of the mixed liquor in the ﬁnal
sedimentation tank, when the mixed liquor itself is carried
out of the tank with the ﬁnal efﬂuent. This has two general
effects:
1. Reduction of ﬁnal efﬂuent quality (BOD5 and TSS consid-
eration) although if it was not for the presence of these sol-
ids, the efﬂuent would be at excellent quality.
2. Loss of mixed liquor results in thin sludge with low MLSS
concentration and problems of enough recycled sludge
back to aeration tank occurs so the MLSS in aeration tank
is not maintained sufﬁcient [14].
Experimental materials and methods
A by-pass kiln dust sample collected from Torah Portland Ce-
ment Company was analyzed by x-ray diffract meter and DTA
analysis as shown in Table 1.
This CKD source was used in the study which was con-
ducted at Zenien wastewater treatment plant in period from
July 2010 till August 2010 and from December 2010 till Janu-
ary 2011.
The model was designed on 140 l/h and located after grit re-
moval and consists of aeration tank, pumps, settling tank,
chemical storage and dosing pumps Fig. 3. Show the used pilot
plant in the experimental work and photo (1) shows the aera-
tion tank during the operation of the pilot plant.
The retention time at aeration tank was about 7 h while at
ﬁnal settling tank was about 2.5 h. CKD was prepared in the
chemical storage tanks and was dosed at the inlet of aeration
tank.
20 A.H. MostafaThe experimental program was divided into three groups as
shown in Table 2.
Composite inﬂuent and efﬂuent samples were collected dur-
ing 24 h/day and were examined for Chemical Oxygen De-
mand (COD), Biochemical Oxygen Demand (BOD5), Total
suspended solids (TSS), Ptotal, Total Coli forms (Tc), Fecal
coliforms (Fc), Escherichia coli (E. coli), pH, Dissolved
Oxygen (DO), VS30 and SVI. All physical, chemical and bacte-
riological parameters were performed in accordance with the
‘‘American standards methods for the examination of water
and wastewater’’.7.90E+08 9.43E+08
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Fig. 7 PTotal removal efﬁciency for Group No. 1 and Runs Nos.
1 and 2.Results
The results for Group No. 1, Runs Nos. 1, 2 are shown in
Tables 3 and 4 and Figs. 4–9
For Group No. 1, Run No. 1 with temperature range
(30–35)C and without CKD addition, the average removal
efﬁciencies of BOD5, COD, TSS and Ptotal at were 89.9%,
88.8%, 89.6%, and 27.8%, respectively. The system achieved
3 log removal units for Tc, Fc, and E. coli, respectively. The
average SVI value of this run was 123 ml/g and this value is
considered high.
For Group No. 1, Run No. 2 with temperature range (30–
35)C and CKD addition of 1 g/l, the pH value reached 8.61.
This increased value of pH about the ordinary value of the
wastewater = 7 achieved average removal efﬁciencies for
BOD5, COD, TSS and Ptotal 93.5%, 93.3%, 93.6% and
87.0%, respectively. The system achieved 5 log removal units
for Tc, Fc, and E. coli, respectively .The average SVI value
of this run was improved and reached 85 ml/g which means
that CKD addition enhanced settle ability of sludge.
The results for Group No. 2, Runs Nos. 1, 2, 3 are shown in
Tables 5–7 and Figs. 10–15.
For Group No. 2, Run No. 1 with temperature range (15–
20)C and without CKD addition, the average removal efﬁ-
ciencies for BOD5, COD, TSS and Ptotal were less than of
(30–35)C and achieved 84.3%,85.9%, 82.6% and 22.6%,
respectively. The system achieved 2 log removal units for Tc,
Fc, and E. coli, respectively .The average SVI value of this
run was 149 ml/g and this value is considered very high and
bulking began to occur.9.13E+07
6.23E+06
70
5.47E+02
3.43E+03
      2                           1                     2              
INF
EF
E.coli
or Group No. 1 and Runs Nos. 1 and 2.
99.94599.999 99.999
2 1 2
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or Group No. 1 and Runs Nos. 1 and 2.
Table 6 Results of Group No.2, Run No.2, dose 1 gl/l o CKD, for temperature ranges (15–20)C
Day Temp PH DO in A VS30 (ml/ MLSS (mg/l) SVI (ml/g) COD (mg/l) Bod5 (mg/l) TSS (mg/l) P (mg/l) FM
Inf A mg/L A R A RS A RS Inf. Eﬀ. l% Inf. Eﬀ. l% Inf. Eﬀ. l% Inf. Eﬀ. l%
1 17.5 6.70 8.30 1.80 197 4 1950 4800 101 99 585 62 89.7 295 34 88.5 285 33 88.4 6.5 2.1 67.0 0.44
2 18.2 6.90 8.40 1.75 195 4 1980 4860 98 97 570 57 90.0 285 33 88.4 278 31 88.8 7.4 2.5 66.0 0.40
3 18.9 6.75 8.30 1.70 200 4 2010 4900 100 96 580 55 90.5 290 33 88.6 282 32 88.7 8.8 2.8 68.5 0.40
4 20.0 6.80 8.45 1.75 196 4 1950 4850 97 95 590 56 90.5 300 32 89.3 290 31 89.0 7.9 2.4 69.0 0.40
5 19.5 7.00 8.50 1.70 196 4 1980 4800 96 91 565 52 90.8 280 34 87.9 285 30 89.4 9.0 2.7 70.0 0.40
6 20.3 6.90 8.30 1.60 185 4 1990 4860 93 89 620 59 90.5 315 35 88.9 300 28 90.7 7.8 2.4 68.9 0.40
7 21.0 6.80 8.50 1.50 191 4 2080 4880 92 88 595 5 90.4 305 33 89.2 295 30 89.3 8.3 2.7 68.0 0.50
Ave.va 19.3 6.84 8.39 1.69 194 4 1991 4850 97 94 586 57 90.3 296 33 88.7 288 31 89.2 8.0 2.5 68.2 0.42
Max.va 21.0 7.00 8.50 1.80 200 4 2080 4900 101 99 620 60 90.8 315 35 89.3 300 33 90.7 9.0 2.8 70.0 0.50
Min va 17.5 6.70 8.30 1.50 185 4 1950 4800 92 88 565 52 89.7 280 32 87.9 278 28 88.4 6.5 2.1 66.0 0.40
Table 5 Results of Group No. 2, Run No. 1,O-phase for emperature ranges (30–35)C.
Day Temp pH DO in A VS30 (ml/l MLSS (mg/l) SVI (ml/g) COD (mg/l) BOD5 (mg/l) TSS (mg/l) P (mg/l) FM
Inf A mg/L A R A RS A RS Inf. Eﬀ. l% Inf. Eﬀ. l% Inf. Eﬀ. l% Inf. Eﬀ. l%
1 17.8 6.80 6.70 2.20 237 55 1520 3620 156 154 585 84 85.6 295 49 83.4 290 51 82.4 6.2 5.0 20.0 0.57
2 18.0 6.80 6.70 2.10 237 56 1590 3790 149 150 570 85 85.1 310 47 84.8 285 49 82.8 7.3 5.7 22.0 0.58
3 18.7 6.85 6.80 1.95 252 61 1680 4040 150 151 590 82 86.1 305 48 84.3 280 49 82.5 10.0 7.4 26.0 0.54
4 18.9 6.90 6.70 2.00 251 61 1700 4100 148 149 610 81 86.6 285 46 83.9 285 52 81.8 9.0 6.9 23.0 0.50
5 19.2 6.70 6.60 1.95 250 60 1710 4120 146 147 560 79 85.5 300 46 84.7 290 50 82.8 8.5 6.5 23.0 0.53
6 19.8 6.90 6.70 1.90 244 59 1680 4080 145 145 580 80 86.2 295 48 83.7 275 47 82.9 8.9 6.9 22.5 0.52
7 20.0 7.10 6.95 1.85 253 61 1720 4120 147 150 570 79 86.1 310 46 85.2 300 50 83.3 7.2 5.6 21.7 0.54
Ave.va 18.91 6.86 6.74 1.99 246 59 1657 3981 149 149 581 81 85.9 300 47 84.3 286 50 82.6 8.2 5.0 22.6 0.54
Max.va 20.00 7.10 6.95 2.20 253 61 1720 4120 156 154 610 85 86.6 310 49 85.2 300 52 83.3 10.0 7.4 26.0 0.58
Mini va 17.80 6.70 6.60 1.85 237 55 1520 3620 145 145 560 79 85.1 285 46 83.4 275 47 81.8 6.2 5.0 20.0 0.50
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Fig. 11 BOD removal efﬁciency for Group No. 2 and Run Nos.
1, 2, and 3.
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Fig. 12 Tss removal efﬁciency for Group No. 2 and Run Nos. 1,
2, and 3.
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Fig. 10 COD removal efﬁciency for Group No. 2 and Run Nos.
1, 2, 3.
22 A.H. MostafaFor Group No. 2, Runs Nos. 2, 3 with temperature range
(15–20)C and CKD addition of 1, 2 g/l, respectively, the pH
values reached 8.39 and 9.71. Generally, the effect of CKD
addition for wastewater treatment on the removal efﬁciencies
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Fig. 13 PTotal removal efﬁciency for Group No.2 and Run Nos.
1, 2, and 3.
Effect of cement kiln dust addition on activated sludge process without primary settling 23of the different pollutants and pathogenic bacteria increased
by increasing the dose and this was achieved at Run No. 3
of Group No. 2.
As a result of adding CKD dosage of 2 g/L at Group 2,
Run 3 with temperature ranges (15–20)C, the pH value
reached values 9.4–9.8. This increased value of pH about
the ordinary value of the wastewater = 7 achieved average
removal efﬁciencies for BOD5, COD, TSS and Ptotal of
94.1%, 94.1%, 94.2% and 87.9%, respectively. The system
achieved 6 log removal units for Tc, Fc, and E. coli, respec-1.00E+00
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Fig. 14 Inﬂuent and Efﬂuent Tc, Fc, E. coli fo
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Fig. 15 Tc, Fc, E. coli Removal Efﬁciencies fotively. Also, CKD addition decreased the bulking problems
occurred at temperature range (15–20)C, where The SVI
was decreased from 149 to 63 ml/g and as a result, bulking
did not occur.
Discussions
CKD composition shown in Table No. 1 explains that it con-
tains a high ratio of free CaO, which is considered very good
coagulant and ﬂocculent agent. So very good removal efﬁcien-
cies for BOD5, COD, TSS, Ptotal and pathogenic bacteria were
achieved. It enhanced coagulation by promoting the growth of
large, rapid settling ﬂocs as the high pH values promoted the
sedimentation [9]. The high reductions of pathogenic bacteria
which were achieved by adding CKD may be attributed to
the improvement of sedimentation and the elevated, ﬂuctuat-
ing pH values, in addition to dissolved oxygen. All these fac-
tors are considered determinable to pathogens found in
wastewater [16]. Additionally, elevated pH has been found to
contribute signiﬁcantly to Fc removal [2]. CKD addition
achieved high removal efﬁciencies of phosphorus by chemical
and biological methods. Phosphorus was removed by chemical
method as a result of forming inorganic precipitants, which are
entrapped in the biological ﬂocs of the activated sludge system.
It was also removed biologically by consuming it in the high
growth rate of microorganisms and luxury uptake especially
at temperature ranges (30–35)C. Also, CKD composition
contains cations such as potassium and magnesium which de-3 1 2 3
INF
EFF
F.C E.Coli
r Group No. 2 and Runs Nos. 1, 2, and 3.
2 3 1 2 3
FC FC
EC
EC EC
r Group No. 2 and Runs Nos. 1, 2, and 3.
24 A.H. Mostafaﬁne cell membrane permeability and play a major role in the
phosphorus transport between the surrounding environment
and the cell and as a result these cations increased biologically
the phosphorus removal [15].
CKD addition increased pH values to ranges 8.2–9.7 for
doses of 1, 2 g/l resulting in increasing the forming of inorganic
precipitate where calcium phosphate (hydroxyapatite) was the
dominating precipitates. This precipitate was entrapped in the
biological ﬂocs of the activated sludge system and as this prod-
uct is a heavy ﬂocs, and has the ability to decrease SVI and en-
hance dewatering ability of the sludge [12]. These positive
effects are related to the isoelectric states of bacteria, because
in high pH, bacteria exit from isoelectric state, resulting in in-
crease of the active sites on cells, exotic polymers, and as a re-
sult, improvement in the ability for bridging and
bioﬂocculation.
Conclusions
The most important ﬁndings in this study can be summarized
as follows:
The traditional activated sludge process without primary
settling tanks, without chemical additions has a good efﬁciency
in BOD5, COD and TSS but limited removal efﬁciency of
PTotal (less than 30%) and pathogenic parameters such as Tc,
Fc, and E. coli for all temperature ranges. Also, this system
cannot achieve the permissible efﬂuent limits of BOD5,
COD, TSS, Ptotal and bacteriological parameters for reuse lim-
its for agricultural purposes (Law 501/2005).
For temperature range (30–35)C
The O-phase stage achieved very good removal efﬁciencies for
BOD5, COD and TSS, Tc, Fc, E. coli and low removal efﬁ-
ciency for total phosphorus and as a result, CKD dose reached
1 g/l to enable this stage to be complied with reuse limits for
agricultural purposes (Law 501/2005). This CKD dose has
raised pH to a value = 8.6 and as a result, the removal efﬁ-
ciency of Ptotal reached 87%. The average value of SVI without
chemical addition was 123 ml/g, and decreased to 85 ml/g by
CKD dosage of 1 g/l, which means that CKD enhanced settle
ability properties of sludge. This CKD dose achieved high re-
moval efﬁciency of Tc, Fc, and E. coli with 5 log removal units
and concentration efﬂuents per 100 ml of 7.8 · 103, 5.47 · 102
and 70, respectively which enabled the system to achieve the
permissible limits for agricultural purposes (Law 501/2005).
For temperature range (15–20)C
The O-phase stage achieved good removal efﬁciencies for
BOD5, COD and TSS and low removal efﬁciency for total
phosphorus and as a result, CKD dose was high and reached
2 g/l which raised pH to an average value = 9.7 and as a re-
sult, the removal efﬁciency of Ptotal reached 87.9%.
This CKD dose of 2 g/l achieved high removal efﬁciency of
Tc, Fc, and E. coli with 6 log removal units and concentration
efﬂuents per 100 ml of 9.8 · 102, 3.5 · 102 and 40, respectively
which enabled the system to achieve the permissible limits for
agricultural purposes (Law 501/2005).
The removal efﬁciency of BOD5, COD, TSS and Ptotal in-
creased with the increasing of CKD dosages. The systemachieved the permissible limits for agricultural purposes
(Law 501/2005), at dosage of 2 g/L. The bulking began to oc-
cur at temperature range of (15–20)C, where the SVI was
about 149 ml/g. The SVI decreased with the increasing of
CKD dosages, and reached 63 ml/g which means that CKD
enhanced settle ability properties of sludge.In summary
The traditional activated sludge process without primary set-
tling tanks, and CKD dosage of 1 g/L is recommended for reuse
of agricultural purposes (Law 501/2005) at hot climate of tem-
perature range of (30–35)C. The traditional activated sludge
process without primary settling tanks, and CKD dosage of
2 g/L is recommended for reuse of agricultural purposes (Law
501/2005), at cold climate of temperature range of (15–20)C.References
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